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CONCERNING  A  POLYVALENT  ANTIGEN  FOR  THE 
COMPLEMENT  FIXATION  TEST  FOR  STREPTO- 
COCCUS  VIRIDANS  INFECTION.* 
BY T. W. HASTINGS, M.D. 
(From  the Department  of  Clinical Pathology  of  Cornel!  University Medical 
College, and The Second  Medical Division of Bellevue Hospital,  New York.) 
The  following experiments  were conducted to determine the time 
of  appearance  of  complement  fixation  substances  in  rabbits.  In 
making  control tests with normal  rabbits  before streptococcus vac- 
cine  was  injected,  it  was  found  that  rabbits  may  have  in  small 
amount a natural fixateur to Streptococcus viridans, since some tests 
were  positive.  Normal  rabbits  did  not  react  to  staphylococci. 
Complement  fixation  became positive in eleven days.  The  disturb- 
ance  due to  the  anticomplementary  action  of some rabbit  serum  is 
well known. 
Mar.  8,  1913,  II  A.  M.  Seven  mice  were  inoculated  as  shown  in  table  I. 
Antigen 2 was prepared from a  few days' growth of S. viridans,  isolated from an 
abscess of  the  left  lower jaw  in  a  case  of  acute  infective deforming arthritis, 
later  typical  arthritis  deformans.  The  growth  was  suspended  in  0.8  per  cent. 
saline solution and killed by heating to 60 ° C. for thirty minutes and standardized 
by Wright's method and  diluted so that  I  c.c.  contained ioo,  ooo,  ooo streptococci. 
Antigen Ii was isolated from an alveolar abscess in a  case of arthritis deformans 
and was prepared as antigen 2.  Antigens 2  and  II  had .been used  for the vacci- 
nations of cases of arthritis deformans and had given positive complement fixa- 
tion tests with blood from patients suffering with arthritis deformans. 
TABLE  I. 
Mouse No. 
Mar. 8, i9i  3. 
e75 
259 
25 r 
e76 
236 
260 
252 
Antigens killed by heating. 
S. viridans  2. 
I0,000,000 
50,0OO,000 
S. viridans  xx. 
IO,OOO,OOO 
50,000,000 
M.  rheumaticus 
(Beattie). 
50,000,000 
Pneumococcus. 
I0,000,000 
50,000,000 
Result. 
No effect. 
No effect. 
No effect. 
No effect. 
No effect. 
No effect. 
No effect. 
* Receive  d  for publication, April 2o,  I9I  4. 
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The M. rheumaticus antigen was a strain obtained from the New York Board 
of  Health  Laboratories  and  originally  came  from  the  laboratory  of  Dr.  J.  M. 
Beattie, of Edinburgh.  The pneumococcns antigen was prepared  from a  moder- 
ately virulent strain obtained from the ,blood of a case of lobar pneumonia.  The 
M.  rheumaticus  and pneumococcus antigens were prepared  and  standardized  and 
diluted as antigens 2 and  II. 
Mar.  25,  1913.  The  same  seven mice were  inoculated  as  shown  in  table  II. 
Antigen  io was  prepared  from a  culture  from the tonsil  of a  case  of infective 
arthritis.  All  the  antigens  were  ten  times  the  strength  of  those  inoculated  on 
Mar.  8,  and  five were  killed by  heating  to  60  °  C.  for  thirty  minutes.  Antigen 
I3  and  pneumococcus  were  isolated  from  the  blood,  grown  on  North's  medium 
and not killed.  Thepneumococcus antigen was  from a  twenty-four hour growth, 
and  was the same as  the pneumococcus antigen killed by heating to 60  °  C. 
TABLE II. 
275 
259 
25I 
276 
236 
260 
252 
Antigens  killed by heating.  Antigens  not killed. 
S. viridans  S. viridans  S. viridans  M. rheu-  Pneumococcus  S. viridans  Pneumococcus 
2.  IO.  xI,  ~t  ~'CUS.  Io.  13  .  IO. 
500,000,O00  ........................................................... 
..........  500,000,000  ................................................  . 
....................  500,000,O00  ....................................... 
..............................  500,000'000  ............................. 
........................................  500,000,000  .................... 
..........  , .........................  ;  ..............  .~OO,O00,00(  ......... 
...........................................................  500  000  OOq 
Result. 
No effect. 
No effect. 
No effect. 
No effect. 
No effect. 
No effect. 
Death after  72 
hrs. 
The mouse inoculated with the living twenty-four hour culture of pneumococcus 
died  after  seventy-two  hours.  The  other  inoculations  in  doses  of  5oo,ooo,ooo 
were without effect,  even the  inoculation of 500,000,000 living S.  viridans.  • 
On Mar. 28, three days after the injection of 500,ooo,0o0, two of the mice, Nos. 
259 and 25I , were inoculated with 0.75 c.c. of living polyvalent antigen  prepared 
from  fourteen  strains  of S.  viridans  of five days' growth.  The  dosage inmil- 
lions  by  Wright's  method  was  not  determined,  but  was  several  times  stronger 
than'that  of Mar. 25,  since the cultures were grown on 2 per cent.  glycerin agar 
tubes  from 2 to 3 cm. in diameter, and the surfaces of these fourteen large tubes 
were  washed  with  20  c.c. of  saline  solution.  For  the  5oo,ooo,ooo dilution  the 
surface of a  small agar tube was washed with 2 c.c. of saline solution. 
It  is safe,  therefore, to  assume  that  the  stronger  antigen  was  ten 
times  500,000,000,  or  5,000,000,000.  The  possibility of  immunity 
in the mice from previous injections, on March 8  of 50,000,000,  and 
on  March  2 5  of  500,000,000,  was  wanting,  since  the  500,000,000 
dose  which  might  have  caused  such  immunity  was  given  three 
days  before the  dose  of  5,000,000,000.  From  the  dose  of  5o,ooo,- 
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anaphylaxis  rather than immunity.  Subsequently these mice were 
injected again  with  5,000,000,000  living S.  viridans  without  any 
apparent effect. 
The virulence of living S.  viridans  having proved impotent  for 
mice,  rabbits  were  inoculated  intravenously  with  large  doses  of 
living antigen, prepared from fourteen strains grown in large tubes 
of 2 per cent. glycerin agar for four days.  On May 28 four rabbits 
were inoculated, as shown in table III, three with one third of the 
antigen,  and  a  fourth  with  the  saline  solution  suspension  of  the 
growth of M. albus  from one agar tube. 
TABLE  III. 
Polyvalent antigen not 
:Rabbit  No.  killed, l¢ strains, 
May 28, xgx 3.  S. ~iridans. 
521  intravenous  ......................  5.o  e.c. 
482  intravenous  ......................  5.0  e.e. 
244  intravenous  ......................  5.0  c.c. 
498  intravenous  ...................... 
Repeated  June  5  ....................  7.o  c.c. 
Repeated  June  II  ....................  8.o  c.c. 
Repeated June  19  ....................  8.0  c.c. 
M. albus antigen not 
killed, x agar cul- 
ture in  t  c.c. 
1.0  C.C. 
I.O  C.C. 
2.5  c.c. 
3.0  c.c. 
On June 3,  six  days after the first inoculation,  blood was examined and  the 
rabbit serum tested against eleven of the fourteen strains for immunization, for 
complement fixation substance, with the results shown in  table IV. 
For  the  complement fixation tests  the  serum was  diluted  I:Io,  and  0.3,  0.2, 
and o.I c.c. were used in three tubes, indicated by the three rows of +  or o signs. 
The antigens were killed by heating to 60 °  C.  for half an  hour,  standardized 
in the usual  manner in  the  forenoon of the  day  on  which they were used,  and 
the strength in millions was determined by Wr~ght's method.  It was  found, that 
as  a  rule  an  antigen  of  small  strength  test  (I  c.c.= I,ooo, ooo,  ooo)  should  be 
diluted I : Io, and from 0.3 to o.I c.c.  used against from 0.3 to o.x  c.c. of serum. 
From table IV it is seen that six days after a single inoculation of 
large doses of living S. viridans polyvalent antigen, the complement 
fixation substance is  present in rabbit serum in small amount, and 
that the reactions are variable and incomplete against each of the 
strains used for immunization. 
On  June  5,  II,  and  I9,  the  same  four  rabbits  were  inoculated  in  the  same 
manner;  three  with  the  living  antigen  prepared  from  fourteen  strains  of  S. 
viridans and one with M. albus antigen. T.  W.  Hastings.  T5 
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On June i8, seven days after the third inoculation, the rabbit serum was tested 
with  the results shown in table  V. 
TABLE V. 
Rabbit  No. 
52I 
482 
244 
498 
Wassermann 
reactlon. 
+ 
+ 
+ 
+ 
Gonococcus. 
+ 
+ 
+ 
+ 
Compound antigen. 
x  2 
+  + 
ooo 
+oo 
++o 
+  + 
+  + 
Antigen 5. 
+ 
+0o 
+++ 
+++ 
+ 
ooo 
•  .I- o o 
+++ 
The rabbit serum was  found to inhibit,  as shown  in  table  VI, and  this anti- 
complementary action  was neutralized by using two units (o.2 c.c.) of complement. 
TABLE VI. 
Fresh guinea pig complement,  z:xo. 
Rabbit serum i :io. 
o.I C.c.  0.  4  C,C, 
52~ 
482 
244 
498 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
O00 
000 
0.2C.C.  0.3C.C. 
+  + 
+  + 
+  + 
+  + 
+ 
+ 
+ 
+ 
The hemolytic unit used was the rabbit-sheep system so standard- 
ized  that  O.r  Of a  cubic centimeter  of  fresh  guinea pig serum  gave 
complete  hemolysis  in  twenty  minutes,  and  0.05  of  a  cubic  centi- 
meter complete hemolysis in one hour in the water bath at 37 ° C. 
At  this  time  compound  antigens  prepared  from  the  fourteen 
strains were used instead of the eleven single antigens  used on June 
3.  An  attempt  was  made  to  pool the  antigens  and  thus  employ a ,A 
T.  W.  Hastings. 
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single  antigen  for the detection of  infection  by any  one of several 
strains, as was done by Schwartz and McNeil  for the gonococcus. 
Four antigens  were prepared  from a mixture  of  fourteen strains 
of S. z,iridans: two of them in saline solution were heated to 60 ° C. 
for  thirty minutes  and  one  of these  was  chilled  on  ice  over  night, 
digested  in  the  thermostat  at  37 °  C.  for  twenty-four  hours,  and 
filtered  through  a  Berkefeld  filter;  two  of  them  in  distilled  water 
were  heated  to  6o °  C.  for  thirty  minutes,  and  one  of  these  was 
chilled,  digested,  and  filtered.  Similarly  four  antigens  were  pre- 
pared  from  the  M.  albus  strain  and  standardized  (tables  VII 
and VIII). 
TABLE  VIII. 
I 
2 
3 
4 
5 
6 
7 
8 
Contaminated 
++o  + 
0  0  0  0  ++o  + 
+  +  +  ]+ 
+  +  +  I + 
Undiluted. 
d  d  d  d 
6  6  ,~  d  ¢/ 
++o  ) 
+  ) 
0 
not used 
+ii 
+  +  + 
+  +  + 
+ 
Diluted  x: xo.  Diluted  x: zoo. 
,J 
d 
o  cl 
0  ++~ 
0  +oo 
0  0 
TTTTT 
d  ddd 
-i-ltl  +  + 
I  +1+  +  +  + 
olo1+  + 
+]+  +  + 
+  +  +  + 
+  +  + 
+  +  + 
Amount used for 
tests. 
0. 5  C.C., 
dilution  I :Io. 
o. 5  c.e., 
dilution  i  :io. 
0.2  e.c., 
dilution I :io. 
+  0.  3  c.e., 
undiluted. 
+  0.3  c.e., 
undiluted. 
+  Not used. 
+  Not used. 
Antigens  7  and 8  were tested as high as  1.8 cubic centimeters to 
o.I  of  a  cubic  centimeter  of  serum  against  rabbit  498  which  had 
been  immunized  with  M.  albus,  and  complement  fixation  was  not 
obtained;  antigens  7  and 8,  therefore,  were not used,  since  in  dis- 
tilled water chilling  and  digesting  had  resulted  in  no  extraction  of 
active antigenic fixable substance.  The results were negative and it 
was  found  impossible  to  employ  compound  antigens  I,  2,  and  5. 
Later the tests  were repeated  (table  IX). 
On June 25,  seven  days after  the  fourth  and last  inoculations,  the  rabbit sera 
were again tested  against the compound polyvalent antigens,  I, 2, 3,  and amigens 
5  and 6  (t~ble IX).  The  compound  antigens  were again  found  to  be  worthless. T.  W. Hastings. 
TABLE IX. 
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Rabbit No. 
June 25,  z9x  3. 
52x 
482 
498 
M. albus 
S.  viridans 
compound  antigen. 
+++ 
++0 
+++ 
+00 
+++ 
+++ 
I  2 
+ 
ooo 
+oo 
+++ 
+ 
+ 
+++ 
++o 
+++ 
+ 
M.  albus. 
Antigen inhibits 
Antigen inhibits 
Antigen inhibits 
i 
i  + 
i 
++o 
++0 
+++ 
On  .luly  IO,  twenty-two  days  after  the  last  inoculations,  the 
rabbit sera were tested against single antigens  prepared from eleven 
of  the  strains  used  for  immunization;  the  results  are  shown  in 
table  X. 
TABLE X. 
Rabbit 
serum, 
July xo, 
zOx3. 
~. viridans 
521 
~. viridans 
482 
S. viridans 
244 
IPI. albus 
498 
Z 
+  +  o 
+  +  o 
+  +  o 
+  +  + 
Antigens, S. viridans. 
2  .~  II 
Antigen 
inhibits 
Antigen 
inhibits 
Antigen 
inhibits 
Antigen 
inhibits 
3  4 
0  O 
0  0 
0  0 
+  + 
Antigen 
inhibits 
Antigen 
inhibits 
Antigen 
'inhibits 
l 
Antigen 
I inhibits 
I 
6  7 
0  0 
0  0 
0  0 
+  + 
0 
0 
+++ 
++o 
+oo 
0 
0 
+00 
+00 
+00 
0 
0 
+-I-o 
++o 
+++ 
+oo 
++o 
++o 
ooo 
+oo 
++o 
+ 
SUMMARY. 
I.  Streptococcus viridans is of extremely low virulence  for white 
mice and rabbits. 
2.  The serum  of rabbits,  after a  series  of intravenous  injections 
of  dead  or  living  Streptococcus  viridans,  is  poor  in  complement 80  Polyvalent  Antigen for Complement Fixation Test. 
fixative substance (fixateur of Besredka) for Streptococcus viridans. 
3.  Antigens prepared  from several strains  of Streptococcus  vir- 
idans  are  relatively  poor  in  fixable  substance. 
4.  The technique of complement fixation tests for infection with 
Streptococcus  viridans is so laborious and difficult that the method 
will not be available for general clinical work. 